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FOREWORD 

(U) As a consequence of the First Naval Gunnery Conclave, NWL Dahlgren 
began, in October 1968, a serious effort to establish a program to develop an 
extended range, guided projectile for the Navy's eight-inch, Major Caliber Lightweight 
Gun. Subsequently, the Marine Corps revealed its need for a guided projectile for 
the eight-inch MHO Howitzer. This document outlines NWL's plan to demonstrate 
the feasibility of guiding projectiles for these two applications. It covers the work to 
date and outlines a program leading to advanced development of a guided projectile 
beginning in FY  1972. 

(U) While all the work discussed relates to an 8-inch diameter tube, other, 
related work is also in progress. For example: system analyses and benefit/cost 
studies have shown the usefulness of and the need for guided projectiles; design 
syntheses and gun launched component tests are continuing in sensor/detector 
systems, anti-radiation seeker systems and control systems applicable to 5-inch and 
155 millimeter projectiles. This plan does not attempt to address all areas of this 
work. Appendix A is provided for reference and contains Research and Technology 
Work Unit Summaries (DD Forms 1498) covering all the Navy guided projectile 
effort. 

RELEASED BY: 

c -^—^ 
January  1971 

C   W. BERNARD 
Head, Surface Warfare Department 
Naval Weapons Laboratory 
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ABSTRACT 

(U) An exploratory development plan foi demonstrating the feasibility of a 
guided projectile has been established. The plan covers work completed from 
October 1968 through 1 February 1971 and outlines plans leading to Advanced 
Development of Navy and Marine Corps, eight-inch, guided projectiles in FY 1972. 
The total cost of the exploratory development program is about $ 5.25 million 
dollars for FY69, FY70 and FY71. 

(CPMost of the guided projectile components have been gun fired and have 
survived 8000 g's acceleration. The shroud, guidance and control assembly, and 
telemetry assembly are designed to withstand 8000 g's and have survived 4000 g's. 
Three gun fired, guided, functional system tests have been conducted. The first two 
did not guide because of mechanical failures. The third guided toward the target; 
but, because of aerodynamic incompatabilities it did not maneuver to the target. 
Subsequent design changes proved aerodynamically sound during an air drop in 
January 1971. The projectile maneuvered out 2000 feet range error and 700 feet 
cross range error to impact 36 feet short and 4 feet right of the target. Three more 
gunfircd tests are planned using an eight-inch Navy gun and three from an eight-inch 
howitzer. 
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INTRODUCTION 

BACKGROUND 

(U) The guided projectile concept is not new. The Angled Arrow project was 
an attempt to provide a single-shot correction to the trajectory of a projectile 
during its terminal phaw But the impetu tor a truh effective, terminal homing, 
projectile came out of the First Naval Gunnery Conclave. In 1968, Rear Admiral 
Cralla charged the Gunnery Conclave to "construct a plan for advancing naval 
gunnery capability, and [toj silt among the technological alternatives for those that 
are  most advantageous in advancing that  capability  rapidly  and economically." 

(U) Among other things, the Gunnery Conclave pointed up the requirement for 
increased accuracy at extended ranges It also identified the need for a development 
program for in-flight guidance 

(C) Funds have not been available to embark on the development of a new 
gun system witli a fully integrated system^ approach. But. the requirement for 
increased accuracy at greater ranges led NAVORI) to task NWL Dahlgren to develop 
an extended range, terminally guided projectile. References (a) through (n) cover the 
effort to date. The conceptual round utilized a semi-active, LASKR. guidance system 
and a forward observer equipped with a portable illuminator This weapon was 
intended to be fired from the Navy's eight-inch. Major Caliber. Lightweight Gun 
primarily   for shore  bombardment  against  point  and small  area  targets   (See Figure   1) 

(Cl   During    the    last    quarter   of    FV    1970,   NAVORI)    tasked    NWL.   under 
Reference (g).  to  demonstrate  the   feasibility of terminally guiding artillery   projectiles 
The  end  product   of  this effort   is  expected   to  lead  to  Advanced  Development  of a 
semi-active   LASFR guided projectile  for the eight-inch Ml 10 and M110E2 Howitzers. 

(C) NWL has combined both the Navy and Marine Corps efforts into a 
unified. Exploratory Development program which is the subject of th's plan. The 
primary effort under this program has been to demonstrate the feasibility of guiding 
a projectile for both the Major Caliber Lightweight Gun and the eight-inch 
howitzers.  This  program  is based  on  the  demonstrated  capability  of the Air Force's 

CONFIDENTIAL 

in ■■ mmm 



CONFIDENTIAL 

••* 

CONFIDENTIAL 
lln« page i- I NCINSSU 1ED 

___1_^____ 



CONFIDENTIAL 

semi-active,   LASER guided   bomb   The terminal phases of the bomb and projectile 
are   sufficiently    alike    to    employ    the   same   guidance   techniques.   The technical 
approach ol the NWL program is to gun harden the guidance components, repackage 
the    bomb    guidance    system,    and    guide    gun   launched    and    howitzer launched 
projectiles  to  a  l.ASHR  illuminated  target.  Over the past year and a half, NWL has 
gun   launched   numerous guidance  components to prove   their survivability. The  tests 
conducted to date are summarized in Appendix C. 

PROJECTILE DESCRIPTION 

Demonstratiun Prujectiles 
(U) The Navy and Mamie Corps demonstration vehicles are similar in that they 

employ the same guidance and control system design; they are both eight inches in 
diameter, and the\ may emplov similar tail fins and obturation. The howitzer 
demonstration projectile design has not been finalized; but. to accommodate howitzer 
loading and ramming requirements, it will probably differ only slightly from the 
Navy projectile in configuration 

(C) The Navy demonstration vehicle is shown in Figure 2 and consists of a 
guidance section, a shroud to protect the guidance during gun launch, a body, and 
a fin stabilization section It Is eight inches in diameter, about six feet long and is 
fired from an eight inch rifled barrel. The guidance is a true-pursuit, semi-active 
LASER type with an aerodynamically stabilized seeker and bang-bang canard control. 
The seeker is gimbal mounted with a ringtail stabilizer which aligns with the 
velocity vector of the relative wind. Radiation from an illuminated spot on the 
target is focused onto a four quadrant detector which in turn, through signal 
conditioning and logic circuits, provides signals to solenoid valves. These valves open 
and close as required to control hot gases from a gas generator which activates the 
canards. The projectile does not require roll control. The guidance system deflects 
the canards in the required direction to close the angle between the target line of 
sight and the velocity vector Since the laser is pulsed, the signals to the solenoid 
valves are updated at the frequency of the laser pulses. A more detailed description 
of the guidance and control subasscmblies is contained in Appendix B. 

CONFIDENTIAL 

■ i  mmmi mm 



mmmmmmmmmmmmmmmmmmm 

■ ■ 

CONnDENTIAL 

r i 

:5 t : 

U.B o   — U. » 
«» «C I U. 

Uf Z   U. M I 
«M M    o » *t w« w a «■ 
••           M ^ 9 

mit. <M 8 . a         C S^ -inn ■ • « •- .         o =        o o 
|« ^ 5 a i    » 
Üf* •  - - •         »• «r« —   »- •. «          — 

M       # »    W M 

y 

V: 
CONFIDENTIAL 

This page is UNCLASSIFIED 

■HM^^MMM« 



"—■— 

CONFIDENIIAL 

Navy Operational Projectiles 
(C) Design concepts have been developed for two operational projectiles which 

can be fired from the Navy's eight-inch Major Caliber Lightweight Gun. They are 
shown in Figures 3 and 4. Both employ semi-active, LASER guidance with 
bang-bang controls but one is powered by a solid rocket motor and one is 
unpowered. The maximum range for the powered projectile is about 60 nautical 
miles; for the unpowered projectile, it is about  11 nautical miles. 

Marine Corps Operational Projectile 
Layouts for a Marine Corps operational projectile are not complete. But an 

unpowered version should not differ markedly from that shown in Figure 4. 
Preliminary calculations show that a maximum range of 12,000 meters may be 
expected when firing from the eight-inch Ml 10 Howitzer. 

STATUS TO DATE 

(U) Appendix C summarizes the tests conducted to 1 February 1971. The 
paragraphs below provide a narrative summary of the program status as reflected in 
these tests. 

(U) Through a series of early firings from a smooth bore, nine-inch gun, 
critical guidance components were recovered and lab tested. Components found fully 
operational include the 1R dome, lens assembly, filter, detector, preamplifier, and 
thermal battery. 

(C) Dovetailing with the series of smooth bore component tests are rifled bore 
gun tests. To date, ail the major components and many of the major subassemblies 
of the guidance and control system have survived gun firing at 8000 g's. These have 
been fired from an eight-inch, rifled gun, recovered and lab tested. The tail fins, 
body and obturators have also successfully survived rifled gun firing at 8000 g's. All 
the other major assemblies have survived gun launch at 4000 g's. These include the 
shroud assembly, the "all-up" guidance and control assembly, and the telemetry 
assembly. Ail of these assemblies are currently designed to withstand 8000 g's 
acceleration and will be qualified at this level as soon as adequate test hardware is 
available 
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(C) In support of the actual demonstration firings, a series of wind tunnel 
tests, air drops, and mathematical simulations of the total vehicle has been 
conducted. The wind tunnel tests provided aerodynamic coefficients needed for 
guidance simulation of the basic uesign. The guidance simulations have resulted in 
modifications to the design and insure that the vehicle will be both aerodynamically 
stable and responsive to the control commands. The air drops were designed to 
prove the electrical and mechanical functions of the guidance and control systems 
and to verify the static stability, dynamic stability, and the maneuverability of the 
projectile. These tests were conducted at the White Sands Missile Test Range and 
NWC, China Lake The projectiles were air dropped from an A-4 aircraft and 
critical, on board data were telemetered to a ground station. All the objectives of 
these tests were met. All the guidance functions performed properly; however, in the 
first guided drop in March 1970, the projectile was maneuver limited at the drop 
speed and fell 1200 feet short of the target. The guidance corrected the trajectory 
1500 feet in range and 200 feet in cross range. In the second guided drop in 
January 19'7i, after design changes had been incorporated in the control system, the 
body, and the tail, the projectile guided out 2000 feet of range error and 700 feet 
of cross range error to impact 36 feet short and 4 feet right of the  target. 

(U) The first attempt at firing an all-up guided projectile occurred in October 
1970. The projectile was successfully fired. The slip obturator functioned properly 
and was discarded after leaving the muzzle. The tail fins properly deployed and the 
telemetry system functioned. The shroud failed to deploy which prevented target 
acquisition. As a result, the projectile  followed a ballistic trajectory. 

(U) A second firing was conducted in November 1970. The projectile was 
successfully launched with the slip obturator, tail fins, and telemetry again 
functioning properly The shroud successfully deployed and the target was acquired 
as anticipated. The projectile failed to maneuver and was not recovered. Hence the 
exact cause of failure could not be determined. Analysis of the available data 
indicates that the gas generator which drives the seeker forward and operated the 
canards, failed to function 

(U) The third firing was conducted in December 1970 and all elements 
functioned. After target acquisition the projectile began to maneuver toward the 
target  but   experienced  progressively   larger pitch  oscillations, building  to peak values 
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in excess ot 30 degrees. These unintentionally laige pitch oscillations induced drag 
forces, which caused the projectile to impact short of the target. The projectile was 
not recovered. 

(Ü) A series of structural design changes to the test vehicle, subsequent to the 
original wind tunnel tests (0.6 scale) and air drop tests, had adversely affected the 
vehicle's static stability properties. Previously scheduled wind tunnel tests (full scale) 
were conducted one week after the firing. The results were substantially different 
from the a'sults of the original 0.6 scale tests and confirmed that the vehicle lacked 
sufficient static stability during the guidance phase. Subsequent design changes have 
resulted in an aerodynamically sound vehicle as evidenced in the January 1971 air 
drop reported above. 

(U) In every instance where the seeker acquired the target, the control surfaces 
responded correctly to guidance commands, which were in the proper direction for 
maneuvering toward the target. 
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GUIDELINES AND PERFORMANCE REQUIREMENTS 

(C) Navy and Marine Corps guidelines and requirements as established thus far 
are listed below Except for accuracy, the Marine Corps requirements are the same 
as stated by the Army in Reference (ee) 

(a) The demonstrations shall be accomplished by firing guided projectiles at a 
stationary, cooperative target illuminated by approximately a 150 millijoule/pulse 
LASER   Precise geometrical  constraints have not  been imposed. 

(b) The howitzer projectiles shall be compatible with the Ml 10 and M110E2 
Howitzers Maximum length is not to exceed 20 calibers, maximum weight is not to 
exceed 500 lbs 

(c) Maximum range for the howit/er projectiles is as follows: 

Required 
Desired 

MHO M1I0E2 
I IK meters 20K meters 
I7K  meters 30K  meters 

(d) Required accuracy for the howitzer guided projectiles is 25 feet CEP 
Desired accuracy is 15 feet CLP This accuracy is based on the following 
assumptions: (i) that the system functions, di) that the projectile is launched so 
that the target comes into the field of view of the detector, and (ill) that, given 
detection, the projectile can maneuver to the vicinity of the target without losing 
the target from the field of view Requirements must be established for d), (ii), and 
(ill). 

(e) The Navy guided projectiles shall be compatible with the Navy's eight-inch 
Major Caliber. Lightweight Gun Maximum length is not to exceed 11.3 calibers. 
Weight and other handling constraints must  be  established 

tf) Maximum range for the Navy guided projectile has not been established. 
But a range of about 40 nautical miles (80 kyds) (depending on warhead size) 
appears feasible for a powered, guided projectile: and a range of about II nautical 
miles (22  kyds) appears feasible  for an  unpowered. guided  projectile. 
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(g)   Accuracy   and   reliability   requirements  must   be   established   for  the  Navy 
guided projectile 

(h)   No requirements or guidelines have been established for either the Navy or 
howitzer guided projectiles relating to the following: 

(i)    spotting doctrine 
(a)   LASER illuminator 
(iii) reliability 
(iv)   safety 
(v)    lethality and warhead size 
(vi)   powder charges 
(vii) counter-counter measures 
(viii) production costs 
(ix) development and production schedules 
(x)   fuzing 
(xi)  security 
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DEVELOPMENT PLANS 

OBJECTIVES 

(C) Broad objeaiveb for the guided projectile effort are contained in the 
current Research and Technology Work Unit Summaries (DO Forms 1498) in 
Appendix A   The specific objectives covered by this plan are as follows 

(a) Demonstrate the feasibility ot guiding a projectile compatible with the 
Navy's eight-inch   Major Caliber, Lightweight Gun 

(b) Demonstrate the teasibility ol guiding a projectile compatible with the 
Manne Corps eight-inch, Ml 10 and M110E2 Howitzers. 

(c) tstablish guided projectile advanced development programs for the Navy's 
Major Caliber, Lightweight Gun and for the eight-inch Ml 10 and M110E2 Howitzers. 

(d) Establish data banks ot gun hardening techniques, projectile guidance 
experience, and software guidance simulations applicable to the development of 
guided projectiles tor other calibers such as five-inch and   155 millimeter 

APPROACH 

(U) The approach to the teasibility demonstrations is through three parallel 
paths 

('•>   smoothbore gun  fire tests 
(b) rilled bore gun  fire  tests 
(c) air drop tests 

(C) In the early phases of component testing, critical guidance components arc 
gun launched at 8000 g's from a nine-inch, smooth bore gun. recovered and lab 
tested for structural and electrical integrity The components are structurally 
analyzed as required, redesigned and tested again These tests arc conducted without 
the need to simultaneously tackle the problem of spin decoupling the recovery 
canisters from the gun tube rifling 
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(C) Following the^e component tests from smoothbore guns, major 
components, subassembhes, and. finally, complete assemblies are gun launched at 
8000 g's from an eight-inch nfled barrel to subject the assemblies to sirvice 
environment Again, these assemblies are recovered, lab tested, and, as required, 
structurally analyzed,  redesigned, and tested again. 

(U) Concurrent with the gun launched tests, wind tunnel and air drop tests of 
candidate configurations are run to establish aerodynamic requirements and to 
characterize  the static  and  dynamic properties of the projectile. 

(U) in conjunction with the test programs, design trade-off studies, design 
layouts and performance envelopes are developed for service guided projectiles. The 
actual feasibility demonstration is accomplished through (a) comparing the results of 
these trade-off studies. designs and performance calculations with service 
requirements, (b) conducting ballistic firings of mock-up designs; and (c) conducting 
a series of gun and howitzer launched, guided projectile firings against LASER 
illuminated  targets 

SCHEDULES AND MILESTONES 

(C) Figure 5 is a milestone chart for the eight-inch, guided projectile feasibility 
program Table I is u listing of these milestones. As can be seen from the chart. 
emphasis is on hardening critical components to 8000 g's, demonstrating guidance of 
gun and Howitzer launched projectiles, insuring projectile-mount compatibility and 
establishing eight-inch,  guided projectile advanced development  programs 

(Us The program will be executed in several parallel efforts. The efforts arc 
identified by distinct numerical series Subsequent PERT charts will show event 
numbers keyed to the milestone series numbers shown on the milestone chart and 
summarized below: 

0000   series - covers   component   hardening,   component   redesign   and   air 
drop tests 

1000  series - covers  the   eight-inch  howitzer  projectile  design  and  handling 
tests 
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2000 series - covers the Navy, guided, functional, system tests 
3000 series - covers the howitzer, guided functional, system tests 
4000 series - covers summation  of results and documentation of all firings 

constituting the eight-inch, guided projectile feasibility demonstration 
5000   series - covers   the   plans   for   advanced   development   of  eight-inch 

guided projectiles for howitzers and the Major Caliber Lightweight gun. 

(U) The work u .der the 0000, 2000 and 3000 series will be a joint 
NWL/contractor effort. NWL will direct the effort, participate in the hardware* 
development and hardening and conduct all the test firings. The contractor, Texas 
Instruments, will fabricate the hardware, design the electronics and participate in the 
system tests at NWL Dahlgren. References (o) through (v) cover the contracts with 
Texas Instruments. Under Reference (v), Texas Instruments will deliver to NWL 10 
guidance and control systems. Six of these will be used for the Navy system testö, 
three for the howitzer system tests, and one ior an air drop system test. This 
contract also requires component and ballistic tests. The previous contracts with 
Texas Instruments. References (o) through (u), only required either hardware or 
component and air drop tests under the 0000 series. 

(U) The work under the 1000, 4000 and 5000 series will have no major 
contract support. Based on requirements established by the Navy and Marine Corps. 
NWL will design eight-inch projectile mock-ups and prepare the required 
documentation leading to advanced development of projectiles for the Navy's Major 
Calib ■ Lightweight gun and for the MHO and M110E2 eight-inch Howitzers. 
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TABLE 1 

NAVY AND MARINE CORPS GUIDED PROJECTILE MILESTONES 

0000 

0010 

0020 

0030 

1000 

0040 

0050 

0060 

0070 

2010 

0090 

MILESTONE 

Begin 8'  Guided Projectile Feasibility 
Piogiam 

Gun Harden Seeker Components (8000 g's) 

Gun Harden Control Components (8000 g's) 

Guided, Functional Air Drop Test of Navy 
Projectile 

Begin 8" Howitzer Guided Projectile Feasibility 
Program 

Gun Harden Obturator (8000 g's). Shroud (4000 g's) 
Fins (8000 g's) 

Quality G&C Assembly (4000 g's) 

Captive Flight. System, Functional Test 

Qualify TM Assembly (2500 g's) 

Fust Guided, Functional, System Test of Navy 
Piojectile 

Gun Test Modified Components 

SCHEDULED 

COMPLETION DATE  STATUS 

Jan 69 Complete 

Jul 69 Complete 

Dec 69 Complete 

Mar 70 Complete 

Apr 70 Complete 

Sep 70 Complete 

Sep 70 Complete 

Sep 70 Complete 

Sep 70 Complete 

Get 70 Complete 

Get 70 Complete 
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CONnDENTlAL 

EVENT 
NO. 

1010 

2020 

0080 

1020 

2030 

0120 

1030 

1040 

2040 

0100 

0110 

0130 

1050 

MILESTONE 

Define Howitzer Guided Projectile Feasibility 
Program 

Second Guided, Functional System Test of Navy 
Projectile 

Induced Roll Wind Tunnel Test 

Establish Howitzer Projectile Design Constraints 

Third Guided Functional System Test of Navy 
Projectile 

Guided, Functional, Air Drop Test of Howitzer 
Projectile 

Mock-up design of Howitzer Guided Projectile 

Complete Preliminary Obturator, Fin and Propulsion 
Design 

Forth Guided, Functional, System Test of Navy 
Projectile 

Qualify TM at 8000 g's (Subject to 
successful test. Event No. 2040) 

Qualify G&C Assembly at 8000 g's (Subject to 
successful test. Event No. 2040) 

Qualify Shroud Assembly at 8000 g's (Subject to 
successful test, Event No. 2040) 

Fabricate Mock-Up Howitzer Projectiles 

17 

SCHEDULED 
COMPLETION DATE STATUS 

Nov 70 Complete 

Nov 70 Complete 

Dec 70 Complete 

Dec 70 Complete 

Dec 70 Complete 

Jan 71 

Feb 71 

Feb 71 

Feb 71 

Mar 71 

Mar 71 

Mar 71 

Apr 71 

Complete 
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EVENT 
NO MILESTONE 

SCHEDULED 
COMPLETION DATE STATUS 

3010 

20SÜ 

3020 

2060 

1060 

5030 

4010 

5010 

Fust Guided, Functional, System Test of Howitzer 
Piojectile 

Fitth Guided, Functional, System Test of Navy 
Projectile 

Second Guided, Functional, System Test of Howitzer 
Projecule 

SiAth Guided, Functional, System Test of Navy 
Piojecule 

Howit/ei  Flanaling and Ballistic Test of Mock-Up 
Projectiles 

Third Guided, Functional, System Test of Howitzer 
Projectile 

Complete Eight-Inch, Guided Projectile Feasibility 
Demonstration 

Plan for Advanced Development of 8   Howitzer and 
MCLW Gun Guided Projectiles 

Apr 71 

Apr 71 

May 71 

May 71 

Jun 71 

Jun 71 

Jun 71 

Sep 71 
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HARDWARE REQUIREMENTS 

(U) To meet the requirement to handle and fire mock-up guided projectiles 
from an eight-inch howitzer and to guide projectiles launched from an eight-inch 
howitzer, NWL will require a cannon, M2A1E1 or equivalent, complete with a gun 
howitzer mount. Ml58, or equivalent, rammer and loader assembly and a firing 
mechanism, M35, or equivalent Preferably, the cannon will be mounted on a 
tracked vehicle. 

(U) To meet the schedule for the first guided, functional system test of a 
howitzer launched projectile (Milestone 3010) in March or April, the above 
equipment is required at NWL on or before  1  February  1971. 

UNCLASSIFIED 
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DOCUMENTATION AND REPORTS 

(U)   Progress   and   milestone   achievements   are   documented   in   a   number   of 
formats including 

Memorandums 
Fechnical Notes 
Letter  Repoits 
Quarterly Progress Reports 
Technical Reports 
Contractor  Reports 
Administrative  Reports 

Distribution of these documents uill van,' according to content and need But. 
generally, Memorandums and Technical Notes will be restricted to "on-station" 
distribution while the Reports will be given the same distribution as listed in 
Appexdix  D 

(U)   The following documents will be published routinely 

(a) Memorandums     documenting     the     major     results    of     each    Guided. 
Functional, System Test 

(b) Letter   Reports  issued quarterly  documenting technical  status, progress, 
major results,  tests conducted and fiscal status 

(c) Technical  Reports documenting major technical results of the program. 
(d) Contractor    Reports    documenting    major    technical    results   of   each 

contract 
(e) Administrative  Reports documenting general status and future plans 

(U)   Table   2 lists the documents published to  1    February   1970. 

20 UNCLASSIFIED 
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TABLE 2 

Confidential   NWL   Technical   Report   TR-2531   (in   review)   Acquisition   Ranges   for 
Semi-Active LASER System (UJ, Thomas S   Hahn 

Confidential   Memorandum,   Computer  Study   of a  Compensated  Body  Fixed Seeker 
for Terminal Guidance (i'J. R   T   Ramsey 

Confidential NWL Technical  Note. TN/F-32/69, Suitability  of the MK 86  Gun Fire 
Control System for the Long Range Gun Project (UJ. Walter P. Warner 

Confidential    NWL    Technical    Note,    TN/F-61/70,   Airborne   Sensor   Platform   (U). 
Richard W. Dorsey 

Confidential Memorandum, Control Effects (V). H. R. Scheibe 

Confidential Memorandum, Infrared Guidance for Ordnance (U), John Spencer 

Confidential Memorandum, Gyrttscopes lor Guided Projectiles (U). John Spencer 

Confidential  Memorandum,   Test and Evaluation of a Magnetic Particle Clutch for the 
Guided Projectile (i'J. P   S   Layboumc 

Confidential     Memorandum,     Long    Range     Gun    System    Anti-Radiation     Seeker 
Development (U). H   C   Oliver 

Confidential  NWL  Technical Note TN/F-41/70. Estimation oj Miss Distance for Body 
Fixed Seekers Against Surface  Targets. W. R. Chadwick et al. 

Confidential   NWL   Technical   Note   TN F-68/70.  RF Seeker  Design  (U).   Robert   O. 
Gil mo re 

Confidential Memorandum. Anti-Radiation Guidance Computer (U). H. E. Pitzcr 

Confidential   Technical   Report   TR-2427.   A    Study   of   Batteries  for   Long   Range 
Guided Projectiles (V). P   S.  Layboumc 
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Confidential Technical Note TN'F-81/7Ü, Spunuus Emission Seeker fur Ordnance (U), 
Robert O   Gilmore 

Confidential   NWL   Memorandum,   Proposed   Guidance   and   Control   Section   for   a 
5 Inch Proiectile (U), H   C   Oliver el  a! 

Confidential   Memorandum,  Reattion   Control System for Guided Projectiles (i). R 
T   Ramsey 

Confidential Contrators Report, f-inal Repor.  MK 25 Projectile Guidance System Gun 
Firing  Tests (UK Voh,   1 and 11 9:3-14-045 dtd  25 Sep  1970. Texas Instruments 

Confidential   Contractors    Report,   Contract   SOUl 78-b^-C-0142   Submission   oj   Final 
Technwil Report lit, dtti  J9 Jul   1969.   Texas Instruments 

Confidential  Contractors   Report,  .\/A   J*5   Projectile  Guidance System Air Drop Flight 
Tests IVh 923-14-044 dtd  25 Sep   1970, Texas Instruments 

Confidential    Final    Technical    Report.    Guided   Artillery   Projectile   Subsystem    Test 
Firings, 9230.V20-17 dtd  27 Feb  19-0. Texas Instruments 

Unclassified   Report   HB9G?10-Shop   Maintemme   Test Set  LASFR   Guided Artillery 
Projectiles, dtd   16 Mar   1970, Texas Instruments. Vols   • and II 

NWL    Memorandum    GL JMM.bsr    dtd     16    Ocl     1970,    First    Guided    Prom tile. 
Functional. System  Test 

NWL    Memorandum    GLJMMbsr    dtd    9    No\     1970.   Second    Guided   Projectile 
Functional System  Test 

NWL   Memorandum GLJMMbsr dtd  7  Dec   1970.  Third Guided Projectile Functional 
Svstem   Test 

22 UNCLASSIFIED 
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FISCAL SUMMARY 

(U) The   following   tables   summanze   approximate  costs  for FY1969,  FY1970 
and FY1971. 

FYI969 
Labor   • $367.3K 
Materials   - $10 OK 
Contracts   - $629.7K 
Travel   - $12.0K 

$1019 OK     TOTAL 

FY1970 
Labor   - $1731.OK 
Materials   - $142.8K 
Contracts   - SI505.0K 
Travel   - $20.0K 

$3398.8K 

FY197I 
Labor  - $1170 OK 
Materials   - $144 OK 
Contracts   - S5000K 
Travel   - $I6.0K 

$1830.0K 

23 UNCLASSIFIED 
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(U) The   FY197I    costs   are   subdivided   among   the   m^jor   categories   of   the 

program as follows 

8" Guided Projectile Developmental Design & Testing 
8" Gun Guided Projectile Design and Feasibility Demonstration 
Wind Tunnel Tests, An Drop Tests and Aerodynamic Engr   Support 
8" HowiUer Guided Projectile Design & Feasibility Demonstration 
Alternate Guidance and Control Systems lor Guided Projectile 

Development 

$1150K 

$200K 

$130K 

$200K 

$150K 

TOTAL $1830K 

24 UNCLASSIFIED 
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MANAGEMENT PLAN 

(U) A program manager located in the Surface Warfare Department, Naval 
Weapons Laboratory will be responsible for overall management and coordination of 
the technical planning, budgeting, scheduling and evaluating of all aspects of the 
development program. He will insure coordination of the efforts of the various 
responsible NWL Divisions, assisting field activities and contractors associated with 
the design, development and fleet introduction. Figure 6 shows the current 
Organizational and Staffing Chart. This chart will be expanded to cover other areas 
as the need presents itself and as the program nears the Advanced Development 
stage. 

(U) In order to insure that all facets of the program are adequately considered, 
a work breakdown structure has been prepared and is shown in Figure 7. Each of 
the major areas shown on this work breakdown structure has been assigned to 
specific individuals 

25 UNCLASSIFIED 
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REFERENCES 

(a) Major     Caliber     Lifehlwei^il     Gun     Ammunition     Research     Work     Request 
#WR-0-5426   ORDIASK ff ÜSB I lb-Ü^Ü-1  UhP-313-209 (1 Jul 1969) 

(b) Close-In     Point    Defense     Gun     System     (Proj      Propulsion)    Work    Request 
#WR 0-5383, ORDFASK #088-113/0^0 1  Uh 1-313:09 (1 Jul 1969» 

(c) Polygon   Application   to  Guided  Projectile/Research Work  Request #WR-9-6289, 
ORDTASK #088 116-090-1   Ul-r-313 209 

(d) Gun     Accuracy      Investmalions     Work     Request     # WR-0-5424.     ORDTASK 
#08B-116-0901  Uh-1'-3H :ül» (1  Jul  1969) 

(e) Long Range  Bombardment   Ammunition  Work Request #WR-0-54:7. ORDTASK 
tf08B-116-090-l  UF-r-313-209 (1   Jul   1969) 

(0    Gun/Rocket    Suits,     Major     Ships    Work    Request    #WR-0-5383.    ORDTASK 
#08B00:/09Ü-1  UF-l-313 216 <1  Jul  1969) 

(g)    Laser Homing Ordnance  Interior   Ballistics Project Order 0-0026. ORDTASK VR 
50-343-501  (4 Jim   19 0» (Marine Corps) 

(h)    Long Range Gun  Systems Investigations Work Request #WR-1-5321. ORDTASK 
#08B-194-090-i  UF-l,-31I-209 (24 Jul  19/0) 

(i)     Long   Range   Projectile   Effectiveness   Investigation   Work   Request   #WR-1-5321. 
ORDTASK #08819-/090-1   UF-P-311-209 (24 Jul  1970) 

(j)    Passive Projectile Guidance   Investigation  Work Request #WR-1-5321. ORDTASK 
#32L-O01/O90-1  UP-20-31 1-212 (24 Jul   1970) 

(k)   Projectile    Guidance/Advanced    Sensor     System     Work    Request    #WR-1-5321. 
ORDTASK #086-198-090-1  UF-1 "-311-209 (24 Jul 19^0) 

28 UNCLASSIFIED 



mesm I" i 

UNCLASSIFIED 

.■•J 

(I) Polygon Warhead Application Work Request #WR-l-5624, ORDTASK 
#083-194-090-1 F 17-311-209 and #088-116-090-1 F 17-313-209 (3 Aug 
1970) 

(m)  Major Caliber Lightweight Gun Mount, Work Request #WR-l-5852, ORDTASK 
# 

(n) Terminally Guided Artillery Projectiles, Work Request #WR-1-5891, ORDTASK 
#35D-001/090-l  UF 50-343-501 (18 Sep 1970) 

(o) Contract Number N00178-69-C-0142, Texas Instruments, dtd 21  Feb 1969 

(p) Contract Number N00178-69-C-0196, Texas Instruments, dtd 30 Apr 1969 

(q) Contract Number N00178-69-0238, Texas Instruments, dtd 7 May 1969 

(r) Contract Number N00178-69-C-0285, Texas Instruments, dtd 11  Jun  1969 

(s) Contract Number N00178-70-C-0062. Texas Instruments, dtd 11  Sep 1969 

(t) Contract Number N00178-70-C-0063. Texas Instruments, dtd 15 Sep 1969 

(u) Contract Number N00I 78-70-C-0060, Texas Instruments, dtd 15 Sep 1969 

(v) Contract Number N001 78-71-€-0182. Texas Instruments, dtd 21   May 1970 

(w) Contract Number N00178-70-C-0059. Space Research Corporation, dtd 19 Sep 
1969 

(x) Contract Number N00178-69-C-0280. Space Research Corporation, dtd 11 Jun 
1969 

(y) Contract Number N00178-69-C-0266. Space Research Corporation, dtd 30 May 
1969 

29 UNCLASSIFIED 
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(z)       Contract Number NOO178-69-C-0I72, Space  Research Corporation dtd 28 Feb 
1969 

(aa)      Contract Number NOOI78-69-C-0309,  University of Virginia, dtd 27 Jun   1969 

(bb)     Contract  Number  NOO178-69-C-03O6,  Lockheed Propulsion Company, dtd   17 
Jun  1969 

(cc)      Contract   Number  N0O178-69-C-0290,   Lockheed Propulsion Company, dtd   11 
Jun  1969 

(dd)     Contract  Number N00178-71-C-0002,  Space   Research Corporation, did   17 Jul 
1970 

(ee)      Rock   Island   cont   Itr   AMSWh-RE\-SPA   dtd   10-16-70.   Howitzer   Data   for 
Guided Projectiles 
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24 . (C ) PRO. H. D t e e i ll ity of t e rminally guiding artillery projectiles 
by design1n , i ring ro t o t)~ e guidance and contro l sys tems from in-service 
cannons . The be com at i le with exist i ng Howitzer mounts and cannons 
·,; · t h minimum The ex loratory deve lopment shall b directed toward 
demonstr t ion o techn1que fo r ho 1ng on i nherent or induced target signatures. 
Init ia l efforts co le ent t he . ·av rogr am and are aimed to demonstrate semi-active, 
LASER gu1ded roJ e td es flre ,.from 8" Howi tzer . Demonstration of alternate guidance 
systems such s IR, RF o r o th~+ e l ectronic optical devices follows. 

25 . (C) . Fe s1b ll ity fligh t vehicles have been designed, fabricated, and gun 
fired . ser1es of com?onent and subassemblies were developed and have withstood 
gun launch up to 000 's. Com le te f in assemblies, guidance and control assemblies, 
l}l pa kages and the rotecti e shroud have been qualified to 4000 g's~ A complete 
assem l y was dro ed f r om an aircraft on 21 January 1971 to determine aerodynamic 
characteris t Jcs . The pro j ect1le acquired the target and corrected its flight path 
by 2000 feet 1n r ange y 00 feet in cross range to achieve an actual miss distance 
of 36 feet short, 4 feet ri ht . The next gun fired functi~nal guided projectile is 
scheduled for fir ~ ~ du r in the month of February. 
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TO J ct les . Infrared targe t Sl gnatures are 
and d e1 opm nt of an lR targe t 

l) (C ) De 1 n and devel o IR ee er o r gun launched proj ectiles a a1ns t a1r 
and sh1p targets. 

( 2) (C Cont1nue sear h1 n or a d de e1o 1n new and / or ref1ned seekers and seeker 
concepts fo r e 1th n lau ched un t1 ons . Such seekers i nclude (but are not 
lim1 ted to ) s r 1ou R em1 s1ons , a o s t 1c , act1 radar, act1 e 14ser and 1mage 
corre ~ a t 1 on 1n dd1 t 1on t o t o e re 1ou 1 ent 1oned . Initiate development of such 
se~kers when feas1 1l1t 1s 1nd1cat ed. 

Il L 

(a ) (C) Co lete 1n1 t 1a l a t 1- a i r I see r des j n conce ts . 1 Jul 1971. 
(b) (C) Des 1 n and un harden cr 1t cal I seeker components . 1 July 1971 
(c) (U) Cont1nue study t o 1dent1fy add1t1onal seekers f eas1ble for projectile 

guidance . F 

l&i&PiCif&. 
. CONF IDE TIAL 

O~TE : 

1 Feb 1971 

NOW·NWL· Tl910/5A (8· 70) 



CONFIDENTIAL 
""""'- ........ L.AeOtlAYCNtY 
~ ..... .,. ....... ..... 

WOAtl UNIT NO. 

19601. 18801 

31. (U) REFERENCES: 

NWL/FGR Training Report (U) Laser Seai-Active Guidance Biblio,raphy, Clarence C. 
Andressen, 30 June 1970 (Confidential) 

NWL Tech. ote TN-F·66/70 July 1970 (U) Co~uter Study of a Ca.pensated Body 
Fixed Seeker for Terminal Guidance, R. T. Ramsey (Confidential) 

NWL Tech. Report TR-2427 June 1970 (U) A Study of Batteries for Long Range 
Guided Projectiles, P. S. Laybourne (Confidential) 

NWL Tech. Note F-10/69 April 1969 (U) Terminal Guidance for a Long Range 
Projectile - A Computer Simulation, K. L. McCloud and R. T. Ramsey (Confidential) 

NWL Tech. Report TR-2425 June 1970 (U) Acquisition Ranges for a Laser Selli­
ctive Guidance System, T. S. Hahn (Confidential) 

NWL Tech. Note (Being published) June 1g70 (U) RF Seeker Design, R. 0. Gilaore 
(Confidential 

NWL Tec h. , ot e , - F-41 / 0 February 19 0 (U) Estimntion of Miss Distance for 
Body Fi xed Seekers gain t Surface Targets, W. R. Chadwick, R. T. Ramsey, J. H. 
Spencer (U ncla ifieu) 

3. . (U) ~IAJOR PROCUREdENTS AND CO~TRACTS: 

FY 2 Procure industry fabricated RF seeker for gun launch 
FY 3 Procure i ndustry fabricated RF seeker for gun launch 

3.>. (U) SPECI L REQ I RE~IE.~TS : None 

O A T · 

1 Feb 19 1 
NOW·NWL-Tl910/511 (1·70) 



(U ) Long Range Gun Sys tea Research Development " 
u . sc1 ENT1F1c A No TECHNOl-OGICA L. J:IIAI• 001600 ~unit ion, explosives· and pyrotechnics; 

019900 Gu1dance and nav1 at i on · 01980 Control desi 
l l . ST AA DA TE 

Ma 1968 
17. CON T RACT /G RANT 
a. OATES/ EFFEC TIVE : 

D. NUMeER : • 

c. TYP£ : 

e. I<INO OF AWAR D : 

Cont 

XPIRATION : 

a A MOUN T 

t. UM A liVE : 

NAME :• NAVA L. WEAJIONI LA80RATORV 

.. OOA€5$ : • a..HL.GRIEN. VIRGINIA l l .. l 

A OO R ESS: • was h 1ng t 0 , 0. ( 
A ESPONS ieL. t ,..OoVoOU A L. 

360 PRINCIPAL. INVI:SfiGATOR (f'yrnltll 55AN If U.S. AcUIMK .... 1 

0 B 
,.....,. L. A. Clayberg 

t ·~·~· 703-663-8831 
u:... GL 

IOCAAL. UC\IttiTV ACCOUNT .. ___,. , 
~~~~~~~~~~~~~---------------------1 

~ft llltYCaTIGATO .. o 

w1ll have 

accurac1e . 

~4 . C) PPRO ne t he e 1f1c er formance and physical character i st i cs of 
the sy t em nd sub tems t o prov1 de a cos t- eff ect1 ve weapon for fleet use. Because 
of the h1gh r1 k s oc1at ed w1 t h 1ded , gun-launched pr oj ect1les , f1rst establ1sh 
r equirem nt for nd onduct d ·anced e el opment t o prove technical feasibility 
and m1l1 ar ; u e ul nes of g 1 ed proj ect i l es . 

25 . C) PRO RES ProJeCt s t ud1es and system defin i t i on were i nitiated in October 
1968 . The Conce t Formu l a ~Plan was published in Apri l 1969 . The TSOR and 
answer1n PT ha e been compared and submi tted 1n draft form . Prel i minary to the 
dvanced Deve lopment of a gu1 ed pr oj ect i le all the components and subassemblies 

of a sem1-ac t 1 e laser gu1dance system ha e been hardened to withstand gun launch 
and test ed a t lSfact onl at 8000 ' s. Shroud , tail f i ns, and complete guidance 
and contro l assembl i es ha e been successfully gun launched and qualifi ed at 4000g's. 
A ompl ete as sembl y was dropped from an a1rcraft on 21 Janua~ 1971 to determine 
aerodynami c character1St1cs . The p oj e:t i le acqui red the target and corrected its 
fl1ght p~th b 2000 f eet 1n range, by 700 feet 1n cross range to achieve an actual 
miss d1stance f 36 f eet short, 4 feet right . The next gun fired functional guided 
project1le 1s s heduled f or f i r i ng dur i ng the month of February . 

•AVAILABLE TO CONTRAC TO R "$ UPO N ORIGINATOA"S APPROVAL 

NOW·HWl.·Tl910/5 Cl-70) Azb 
~AG£ --------

CON PI BEN iiAL CLiSSIFICATidN 
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28001-5 

3 NAVAL~ L.AeOIIATOa V 
OAHUaMN. VlaGI ... A . .... 

6. PROFESSIONAL. MAN-V'EAAS 0. 0 7. 0 15.0 14. 0 

D. TOTAL. DIAECT L.A80A MAN-VEAAS 

c. TOTAL. L.A80A AND OV 1530 . 4 400.0 2000.0 3000 . 0 

Cl. MATERIALS AND TAAV 184 . 3 150 . 0 200 . 0 300.0 

e. MAJOR PAOC/CONTAAC-:"S ( IK ) 1684.1 150 . 0 1800.0 4700.0 

I . PL.ANNIN 00 0 4000 . 0 8000.0 

CJ. FUNDS AVAILABL (IK) 33 5:,1 o 0 . 0 0 . 0 

n. 

h . 

H . 8ACKOAO 

. )3. SPECIAL A 

29. (U) BACKGRO 
has been emph sne 
system w1ll pro 1de 
shore bombardment, 
capab1l1ty at rang 

30.(U) PA1S 

1) 
(2 ) 

( 3) Be 

(5 Compl ete u1de 
(6) Complete gun 

#L . (U REFERE CE 

( lou'""" lltdl\k/J.g/ ~ .. plu ldr .. nfWd b ....... IH'r hrt:rd* N Cit .... ,,. S«:~~riry C~ftcHI c-.J . 
dnd 1n l nd bombardment capability 

I.E 0 s 

t 

0 r 
moto 
c: RF 

b 

e 
r ·:;. 

R 

n th ear and Far East . This 
rt1cal as ·au1ts, 1ndep~ndent 
t1on l1n s and anti-sh1p 

rat10n n 8" s ze - July 1971 
roc et mot ors subsequent t o gun 

re motor s ub quent to gun 
1 

stems for gu1ded proJect1les -

proJeCtlle ad an ed de e1o ment - Ju 
tern ad 'an ed de e1o ment- J 1 9 5 

19 3 

(a) Concept Formulat1on Plan , "Long Range un S stem (U)", Apnl 1969, GOR-12, GOR-14 
(b) N ORO ltr W:BU.I : r eb dtd 11 Jun 1970 to D1stnbut1on, SubJ: "Sem1-Act1ve Laser 

Gu1ded Project1le · Secur1ty gu1dellne or" 
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CLASSIFICATION NAVAL  WtAPONS  LASORATORV 
OAHLOMeN,  VIMOtNIA    MMt 

WORK   UNIT   NO 

19801.02:   27901.02:   28001-5 
NAVV WOAM ÜMIT 

OQNTINUATION SMCfT DATA KWM iComttmtäi 

32.   (U)  MAJOR PROCUREMENTS AND CONTRACTS. 

ITEM 

Guidance and control 
subassemblies for 
feasibility program - 
N00178-70-C-0182 

Guided projectile 
advanced development 
designs and hardware 

Gun system advanced 
development 

$K SERVICES 

150.0 

180.0 

4700.0 

33.   (U)   SPECIAL REQUIREMENTS.     None 

UATI- 
1 Feb 1971 

CONTRACTOR 

Texas 
Instruments 

Unknown 

Unknown 

FY 

71 

72 

73 

ESTIMATED DELIVERY DATE 

July 1971 

July 1973 

July 1975 

CLASSIMCAT 
^"LASSIFIED 

NDWNWL T3910/5B  (»70) LABORATORV   PROGRAM  SUMMARY n 
PAcr 

—   - ■ MM^M BMMJ 
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CONFIDENTIAL 

DESCRIPTION Of GUIDANCE AN D CONTROL SUBASSEMBLiES 

lNTROD CTION 

h appendix ers the the ry f perati n o the laser Guidan e and 
S tern r the guided pr je tile demon trati n pr grams. The di u i n 
a fun ti n I de ript ion the tern and bl k diagram f th guidan 
perat d ntiol se tion . F igure w an inb ard profile of the guided 

pr je t1Je. 

THEORY OF OPERATION 

h · gutdan ·t and tern ll.:crs the pr je tile t ward a targ t 
wru ·h h be n Lll uman ted by t ener y . A I r b am fr m an airb me r a 

agn I 
•· t ra il" p 

nd whlJ 
r 11 win 

the d ~ ired targ t. After rc fle lion fr m the targ t , the 
r b~ m pp ·a be radiating fr m a p in t ur . Th la r 

de agned t d tc t ·u h a target illuminated b 1.0 
t d ~ rive appr pria te 

t I I uitabl f r 

aff t hang 
in lud an in terpul blanking ir ui t t 

nem illuminat r and a 
wht h int a n utral 

·qu iti n. during ignal I ignal a qui iti n, 
di ided int th n re ight. Th ' t m. Figu re . rn a 

mp ncn t : the LAS R allumina ti n d t t r Unit I the guidan 
the guid d pr j til ontr I uni t (U nit 3 . 

L. SER ILL Ml A TlON DETECTOR UNIT 

T h det t r l ntained in a lindri al h u ing, gimbal-m unted b 
mean f b jJ int a em I t a upp rt b m. Th det t r i maintained in 

ign men t With the pr e tile vel it e t r a ring-tail tabil izer. The det tor 
f an IR d m : n pti aJ bandpa filter: a lens: a quadrant dete ~ or : and 

ntaining d teet r ia network , ignal mixer and preamplifier . Th 

B-1 CONFIDENTIAL 
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) Det nnin t1 n 
ompromise between m 

overaU site th~ LA 
st bwt . al 
w uld all 
bounds d 
L mb Lt: n ~ 

rt 
ppro unat 

Qu~r nl Dell" I r 

c t · ~ t r 

T 

ard nn 

I 1 d m t r t b u d in th y t~m in I d 
qu1 ·l i n aJ1 • nd minimizing the 

rder 1 m inlain au d namk 
t 1:11 y tem with a l -in h ap rlu 

dun~nsi n 1 remwn w1thin uilabl 
qu r guidan e. Bau h and 

. I 

ted 'e 11 pll uJ spl"t>d f f/ 1 .0 wi1J1 
IR d me des ri c::d ab \t The Bau h 
IR d m , h blu ·ir ·l dulmeters (3o 

• 1 • nd at I degret ff a i ' 

hit 

in ·hc . 
ngk B th 
1 ransmil tan • 

he desi •n vatu f 
urf:l c f th n. 

at 1.0 mi ~ r ns 

m h in diam t . 

th illuminat r lin ' 
h1gh a p s ·ibl . 

a pa 1tan • 
th1 ' qu•rem nt u ab ·d 11 th 

t a 100 
1r nm nt . In (dark ·urr nt 
h n tw mi r amp r p id 

I el from th il. 
11. ted fr m high- · t i 1t ih 
the rd r f 4 per ent at J 0 

1 ofa rad p r quadran t at I 
10 t 20 pi farad p r quadrant. 

ag rr n i primaril du t th u a 
un the quadrant ar a : th · permit leakage urr nt ar und 

th dge t to r a\-e r to r rn to h bia uppl thr ugh a parat 
late r m the ignal tr u 1t Th d te t r-opti a <; m I 1 h rn1 ti ally 
prev t m i ture ndensa ion n the dete t r. 

B·S 0 FIOENTIAI. 
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Elecaronics 

( ) The quadrants o th dete t r are pplled t th bndge-mi •er nerw rt 
t mp'lify the I w-le el 

mat hing f r dnving tJtr 
mputer B tJ1 the mi er 

n ·I ~ure ammedtatel behmd 

nd redu e the p tential for 

circuitry he pnmary n t1 n th preampll lt'CS 

·lflals from the nu ~r net~ rk and t pr Hde unped n 
coax abl ~Nhl h appl) the 1gnal to th gu1 an 
netw rk and pre mph 1er u Ut ry re ntallll.'d u1 an 

the • te t r ulkh (l. nunuruze lc d 
extran It 1 l input t tJ1e dete tor 
triktng UJ r nt w1ll g<nerulc' mmand at lht' utput 

o the nu redmpb ae 

GUID N OMP T R ( IT 2l 

.:I \ l' :11 m tll Ia r illummat1 n del t r 
nd pr pr \'Jdc ntr I mmotnd t r rate 
f h. t r nt m th f, Jl wing I p. amplifier, 

ntr I I I . • rcgt iJt r and hmm I g1 The f, II win 
·r t: J~h l fl I \ I U JIJ m th t rd r 1gnal n w 

Log mpli tt•r 

! • Thf I 
preamplifie I .! 

Jm ldiu 
me h 

Cl \ g i\ .J I lr m th 
ampht ud 

Ia r illummati n d t 

m reased ~ lh squar re - 1\ Cd 

re ·ipr caJ ran •. 1t 1 ap .tr 

ppllca I· t r m u h 
slant runge up t I .0 f 

perat wtth ut tu a ti n ur td the pr · 
improper maneu er I n r ha\' 
th latt r rang 1· t I 00 fee t ( 
point). th required 
appro imatel db 
dynamic range f th utput 
signal nd tt nuatin tr ng one in 
Tbu . input ignaJs havmg a range 

of 

ar not 
de ired at 

ing ir uit mu t 

lant rang at whi h 
on the unpa t point · if 

n rvati e chang in th impact 
garithmi video amplification is 

hav th · function of compre ing the 
· d thi by amplifving relatively weak 

th strength of the signals. 
equi aJent t a voltage range of 

350JX'() t 1 are mpre ed int a !tag rang of 0 2 volt to 3.0 volt (a 
voltage range f t 1 ThiS per lJ n make it p ·ble to detect both weak 
and v ry t.r the me ' t m without the problem of overloading in 
th ca f Jar r n 1 rna k mg weak ne . 

B-6 CONFIDENTIAL 
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Com.-nlor LoPe 

(C The omparat r l 8l th~ guidan e mputer tltain the mparat r 

portion of the ir uitf) . The mparat rs ha e the fun tion f 

omparing parrs l & ampli aers left-hMd and up-d wn and making 

de tSions as to dire l1 n rre ti n . The pte bl ck thr utput f the 

mparaton until th I.Il rrung signal rea he suffi 1ent level t ver orne the 

rna ter trigger th.re h ld Th m t r trigge!" thresh ld f a fi ed and a 

ariable tra ·ki.Ilg thre h ld !'ol t ~ nng d :iS~ n an 

trigger ne hot multt\ tbrat r u l.ft'd ru pre ents aJanns from 

entering the gutdan e ' haJ n~.>h Addu a n- Uy , th signal that fir the rna ·t r trigger 

70-nan nd n~-show multa,•tbrat r ~:d 1 an mtegrat r thr ugh omparator Z4 

where th ade agn I ~ pe de te t · produ e a d bia · le el whi h i u ' d 

a vanable thre h ld lttng The le\d th ' 'ariable lhre ·h ld signal i u h that 

tt will f U w I (J Jb ·low the: ~ ~ gnal le~ I that signaJ bel w thi lev I will 

not tnger the rna ta tn nc-sh t multl\'1 rJtt n . In th e cnt that th re "iv d 

gnal is lost , the a qu att n Jgt\ I waJI d1 harge the ant~grat r o that the tJ1resh ld 

tting wl.ll return t rna •mum ~:n tl\lt • ltm . Brien then , U1e quen i a 

U w : ·gnw a r · re ·ern: . th · ulput o I g limpli I"CS A and 8 will 

fir t • eed th · y mparat r l , firing th rna t ·r 
trigger 70-nan t multl\11 rat r . A SJgnal inten ity 1n r a · bey nd th 

pr " t trackmg mp t r Z4 .. dnvang th mtcgrat r pr du a pulse 

ut ut. This pu e ·hargc m th mt grat r whi h h< ld th d bia 

I v ·I tx:tw n pu The u tpu t fed ba k Z4 lo ·in th 

lo p . Thu . th harge th integral r 

whenever m the tra king ffset bia plu the 

t edba ' k voltag 1 also appUed t mparator Z3 o 

that the mput tgnaJ mu t h ' e ,, amplitude to ver orne the ariabl thre hold and 

th ti ed th_re h ld in rd r 1 m1tiate t master trigger . During the interval of the 

pul e peri d. the nd n h t blanking g.ate d" able mparator Z3 and 

Z4. thereby preventing •rane u n ise pul fr m influencing th guidan e 

hannel . Afte r th NA ·o gate . the 300-nan nd one-1ih t multi ibrator onvert 

the anal g infonnati n of the mparators t digital form by standardiz ng the pul 

length and h ight The rna ter trigger one-sh t multivibrator determine the minimum 

ngt.h f time th t the gat Will a n Note , fmally , that the up~ wn section 

and th right-left ti n f the omparator tray are identi al . 

CONFIDENTIAL 
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Control Losic 

he: Ontrol lop ontain lf Uttry ~ r Onvenma the err r mmand 

from the omparator l 11 · to solenotd drive signals II perf rm ''last pulse" logi 

.un tions, mte rpulse bl.ankm& nd Sliflal dr pout mmands ~ restttin& the fins t 
a tra11 pos1tton Five lg1l lines le;svc the mpa.rat r 1 li tray and pa to the 
ontrol Io11 tray hcse Slgnals are up , down rifbt . left and thresh ld The 

sequen e ~nauons tn the ntr I 1011 are f U ws. First the- utput f th 
94-m~lh~ ond ont:--\llot m•JIU\'tbrat r blankmg gate mu t be high (a .. , 1 gi 

Tlus ndllaon · urs a pr anutd 94 nullise nd aft r the re ipt f th pre,ri u 

tnger pul he on'ic!t a nt · le ~ tnggc d when the thresh ld nt"-sh 1 

mulllvabrat r 1n the ~ mparat r lS a ll a1ed Tht utput 1 positi\1 ~ mr. puL 

dnvma th lankm& NA. 0 aoah: Th m m t1 n "I .. fr m the> 94-milliSt" ond 

the p U\ output f m the ma. t r tr~er 

ne h t multl\' tbrat r ncrot~ "()" a a re t t 

and ·u atm& the 4()..ma • nd r. B re "tting all 
lat h . th ·y .ar • armed t re ·tve new ;nput an rmat1 tht' lat he , lat h 

A r 8 nd l.ll ·h r D . Will be a '1t\.t1cd b anput ~ - nat lr m the mpara1 r 

I th~ ta' at1 n '' au..cd b a spun u retl 1i n and a 
n · · urs. th · •o~rh r lat ·h ndata n w1ll ·an led when th lhre, h ld 

pul"t' · · t ·. and th · · · nd r th1rd . WJII reg1 t red tat h . At th 
·nd the 40-mi r 4-mtlh!>C nd t blanking is 

wtu h h ld I ~ (I .. I gi "()' ' . thu inhibiting any 

the lat he Th lat he . lhu , retain 

n t f th blanking impul . Thi 
nditaon rtc and len id dnv to a tuat 

the pr ~r I n td v ve t m ve and thu te r the pr j til . 
Th Ja~ t ir u1t m th tra the 40-miJI ne hot and gat 
whi • 1 erv t pi e the nng mand in a trajl p iti n if in any cy le n 
mput , . tr ng en ugh t e d the thre h ld : i.e .. the guidan e ignal i I t. 

Voltaae Repa.tors 

() Ita regulat rs regulate the thermal battery voltage of +2 
the tern r q u iremen of t volt and +I 2 volt . The 

B CONFlD NTIAL 
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u; uu are na ght rward sene regulat with ripple redu non fact m exce of 
nverting +I 2 65 db The ~ ltage regulato r abu main a d -to-d · nven r f, r 

olt to + I 5 \'Olt r dcte t r 1a . 

Timina Lope 

) 

ga 

Wtl h I 

apph ·d. 

mng 
y tt:m 

tumng l gL ard ntain devil·e whi h , upon a tivation of the 
Hml g n c r depl ying the shroud and firing the 

Ita~ from th th mtal banery i applied through a pair of 
• n La ·t u1 ut re ~, t lhc a tiv ting il f the squib relay . 

UU) l Ul tht ' f t' ~ ap WhJ h h Jd the shroud halve together . 

• t 1 g ul tan .ue di · nn tt"d f m the firing ir uit and 

!h &.& a nerJt r and the shap d charg · but , sin 
a s.h rt.m u t th p w r supply a disconne ting 

·nc at r trin urrent .5 nd after power is 
matutcd b a rna ter timer wlti h i · activated 

a un: I 0 ~ w the i uitry f r the sin ud deployment. 

h · f II wtn f e ent that ccurred during 
dmntratl n anlun · h · 

( th 

lffi I 

Timt• vent 

Th rm I 
lnJ I I ted 

I ng C I 

Uery a trvat and timing sequence 

UJded p · tiJe mu z.z.J exit and fin deploy 

B ttery d live fu ll utput to telemetry and 
t1m r 

T e nty 
e. pJ JVC 

timer delay activated and 
nnect battery to guillotines 

8-9 CONFIDENTIAL 
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Time Event 

26.1  seconds Disconnect guillotine circuit and connect 
shaped charge and gas generators 

26.6 seconds Disconnect shaped charge and gas generator 

29 seconds Begin guidance 

44.6 seconds Impact 

GUIDED PROJECTILE CONTROL UNIT (UNIT 3 

(C) The guided projectile control contains the solenoid valves (four), thermal 
battery, hot gas generator and four movable fins. It guides the projectile during 
controlled flight by moving the fins in accordance with the command signals 
received from the guidance computer. Each pair of fins, sharing a common shaft, is 
driven in a bang-bang manner to its 10.0 degree stops in one direction or the other. 
In the absence of command signals to both solenoid valves controlling a given fin 
shaft, neither piston is operated, and that fin axis is held in a trail position by the 
airstream and centering springs. 
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UNCLASSI FIED 

1969 

3 Apr 

30 Apr 

23 May 

23 Mav 

4 Jun 

12 Jun 

13 Jun 

13 Jun 

2 J un 

7 Jun 

2 Jun 

2 J un 

J ul 

8 Ju l y 

21 Jul 

2 1 Jul 

21 ul 

~ 1 Ju l 

21 J ul 

i ug 

u~ 

8" GUIDED PROJECTILE PROGRAM TESTS 

Test 
No. 

F-3 

F- 4 

F-5 

F-6 

F-

F- 8 

F- 10 

F- 11 

F- 12 

F-1 

F-1 4 

F- 15 

F- 16/1 

F-18 

F- 19 

F- 20 

F-21 

F-22 

Seeker Components (6. 25) 

Seeker Components 

Seeker Components 

Accelerometer 

Seeker Components 

Seeker Components 

Seeker Opti r s 6 Electronics 

Gas Generator and l gniter and Parachute 
Ret a rd System 

Par ac hute Recovery Sys tem and Preamplifier 

Parachute Retard Sy s t em 

Therma l battery and optical filter 

Control Actuator 

Gas Generator and Igniter 

Canards and Shaft 

Seeker Subassembl y and Parachute Retard System 

Contro l Actuator Assembl y (2 t ests) 

Gas Generator and Igniter 

Gas Generator and Experimental Igniter 

Slipping Obturator 

Parachute Retard System 

Parachute Retard System and canards with shaft 

C- 1 UNCLASSIFIED 



UNCLASSIFIED 

1969 

7 Aug 

7 Aug 

7 Aug 

7 Aug 

13 & 15 Aug 

19 Aug 

20 Aug 

2 Sep 

4 Sep 

16 Sep 

19 Sep 

19 Sep 

8" GUIDED PROJECTILE PROGWt TESTS 

Test 
No. 

F- 23 Parachute Retard System 

F-24 Parachute Retard System, Seeker Opti cs 
and El ectronic Subassembly 

F-25 Wound Fibeq~lass Caniste r 

F-26 Actuat or Assembly 

0 .6 Sca l e Wind Tunne l Te ·t 

F-2 7 Sli ppi n, Obturator 

F-28 P r achut e Re t ard Sy t em, Seek r Optics 
El ect ron i cs Suba sembl y and ma ~e r timer 

F- 29 tu t or embl 

F-30 Ilo il o ~.• o tt ai 1 and Fi n 

F- 31 I i in Obtu r to r 

F-3 - pa a e 

F- 33 E l ~c t foni cs and un en or 

UNCLASSIFIED 



UNCLASSIFIED 

1969 

23 Sep 

30 Sep 

30 Sep 

l Oc t 

l Oct 

7 Oc 

Oct 

0 t 

16 Oct 

17 Oct 

17 Oct 

23 Oct 

23 Oc t 

23 Oct 

23 Oct 

2 Nov 

7 Nov 

Nov 

21 i ov 

21 ~ov 

24 Nov 

Test 
No. 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

F-34 

16 

1 7 

18 

19 

20 

8" GUIDED PROJECTILE PROGRAM TESTS 

Shroud and solid afterbody 

Hollow Afterbody and fins 

Solid afterbody and fins 

Fibe~glass Shroud 

Fiberglass Shroud 

Wiring harness, thermal switch 

Fi ns with damping device 

Fi berglass Shroud 

Til sys tem 

Fiberglass Shroud 

Cy lindrical tail and fins 

ylindrical tail and fins 

Fiberglass Shroud 

Obturating bands 

Balloon recovery system 

Shrike radome, an •enna and PC boards 

Balloon recovery system 

Shroud (1 pc.) with cylindrical tail and fins 

TM antenna and connectors 

TM system 

Balloon recovery system and thenal battery 
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1969 

s Dec 

s Dec 

s Dec 

12 Dec 

12 Dec 

19 Dec 

19 Dec 

29 Dec 

1970 

5 Jan 

7 Jan 

12 Jan 

28 .Jan 

6 Feb 

6 F 

13 Feb 

16 Feb 

20 Feb 

5 Mar 

6 Mar 

... 

8" GUIDED PROJECTILE PROGRAM TESTS 

Test 
No. 

21 

22 

23 

24 

25 

26 

27 

28 

T-1 

T-2 

T- 3 

T-4 

T-5 

T- 8 

T- 1 

L-4 

T- 16 

T-17 

T-18 

F-36 

TM antenna and thermal battery 

Control housing wiring 

Fiberglass shroud 

G&C system less electronics 

Recovery system (float) 

48" Canister with dUDIIIy G&C 

TM antenna and sun sensor 

48" Canister - dummy weight 

30" o li d shroud 

48" C nister with floats 

Shroud 

Compu ter Electr nics 

TM and t ime r 

Soft reco\ery sys tem 

Soft recovery system 

Anti - radiat i on electronics 

Li qui sup ort and fin 

Soft recovery syst 

Soft reco e r system 

Soft recovery systel"l, setback switch transistor, 
connector and antenna 

Amplifier boards, crystals and motor armature 

C-4 UNCLASSIFIED 
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8" GUIDED PROJECTILE PROGRAM TESTS 

1970 

6 Mar 

6 Mar 

17 Mar 

IV Mar 

25 Mar 

31 Mar 

31 Mar 

31 Mar 

8 Apr 

8 Apr 

9 Apr 

9 Apr 

16 Apr 

16 Apr 

16 \pr 

20 Apr 

20 .Apr 

20 Apr 

30 Apr 

1 May 

21 May 

Test 
No. 

F -37 

F -38 

T 19 

T ■20 

T- ■23 

c -1 

T- 24 

TI ■-1 

!■■ 39 

1 ■ 40 

Gl _ T 

T- 25/1 

'•1 - 3 

T- 25/2 

T- 26 

r,i - 1 

T- 27 

F- 41 

T- 21 

T- 22 

F- 42 

Float system with explosive bolt 

Retard plate with nylon shroud lines 

Shroud 

Soft recovery system 

Soft recovery system (2 tests) 

Ribbon stabilizer 

Shroud 

Trailing fin projectile 

Thermal battery 

Setback switch, viscous gyro, photo 
cell and generator 

Ribbon stabilizer 

Soft recovery system 

Shroud 

Soft recover)' system 

TM system 

Ribbon stabilizer 

Soft recovery system 

Vickers Particle clutch 

Soft recovery and dummy CfjC 

G6C #1 recovery 

Vickers Particle clutch 
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UNCLASSIFIED 

8" GUIDED PROJECTILE PROGR.\M TESTS 

1970 

28 May 

26 Jun 

1 . Jul 

6 . Jul 

15 Jul 

18 Jul 

16 Jul 

31 Jul 

31 Jul 

7 \ug 

18 Aug 

20 Aug 

20 Aug 

21 Aug 

23 Aug 

51 Aug 

2 3ep 

T 5ep 

11 Sep 

16 Sep 

10 Sep 

16 Sep 

Test 
No. 

F-43 

T-26A 

Gl-5 

T-28 

T-29 

T-30 

T-31 

T-32 

Gl-6 

T-33 

G-7 

TF-2 

LPC-2 

G-8 

T-34 

G-9 

G-10 

T-56 

T-58 

G-l 1 

C-IJ 

T-37 

Accelerorneter and solenoid valve 

TM crystals  and solenoid valve 

Shroud 

Ballistic  #1 

Shroud structural 

G§C   #2 recovery 

Detonators,   TM crystals  and thermai  battery 

TM system 

Aluminum Shroud 

Shroud denloyment 

Canister recovery system 

Fins with discardiuR cover 

Liquid support and fins 

Canister recovery system 

Shroud Wind Tunnel Deployment 

Dummy G§C 

Structural   G&C 

Canister recovery  system 

Canister  recovery  system 

C&C   recovery   system 

Structural   CfiC 

Dummy  TM 
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UNCLASSIFIED 

1970 

18 Sep G-13 

18 Sep T-39 

22 Sep T-40 

23 Sep NA 

29 Sep T-41 

6 Oct NA 

8 Oct NA 

23 Oct T-42 

26 Oct T-43 

2 Nov NA 

6 Nov NA 

19 Nov T-45 

19 Nov T-46 

3 Dec NA 

14 5 15 Dec 

16 Üec T-47 

16 Dec T-48 

22 Dec T-49 

1971 

21 Jan 

8" GUIDED PROJECTILE PROGRAM TESTS 

Test 
No. 

C5C #3 recovery 

Dummy TM 

TM system 

Captive flights 

TM system 

Ballistic Projectile 

G5C #1 Projectile 

Tracking Flare 

TM system 

Ballistic Projectile 

G5C #2 Projectile 

TM 

Gas Generator 

GSC #3 Projectile 

Full Scale Wind Tunnel Test 

Gas Generator Ignitors 

After End Parachute Recovery System, Ultra- 
sonic pingers, and Single Slipping Obturators 

TM 

G6C #4 Air Drop 
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II      ABSTRACT 

(U)     An exploratory  development  plan   for  demonstrating  the   feasibility  of  a 
guided projectile  has been established.     The  plan  covers work completed  from October 
1968  through  1   February   1971  and  outlines  plans   leading  to Advance  Development  of 
Navy  and Marine  Corps,   eight-inch,   guided  projectiles   in FY  1972.   The   total   cost  of 
the exploratory development program is  about   $   5.25 million dollars  for  FY69,  FY70 
and  FY71. 

(C)     Most  of  the guided projectile  components have been gun  fired  and have 
survived  8000  g's  acceleration.     The shroud,   guidance and  control  assembly,  and 
telemetry  assembly  are  designed   to withstand   8000  g's  and have  survived  4000 g's. 
Three  gun  fired,   guided,   functional system  tests have been  conducted.     The  first 
two did not  guide because  of mechanical   failures.     The  third guided  toward  the 
target;  but,  because  of  aerodynamic incompatabllltles  it  did not maneuver  to  the 
target.     Subsequent  design  changes proved  aerodynamlcally sound  during  an air drop 
in January  1971.     The  projectile maneuvered  out   2000  feet  range  error  and   700  feet 
cross  range  error  to   impact   36  feet short  and  4  fert   right  of  the  target.     Three 
more gunfired  tests   are  planned  using an  eight-inch  Navy  gun and   three   from an 
eight-inch howitzer. 
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